Individual differences in affective and social processes may arise from variability in amygdala-medial prefrontal (mPFC) circuitry and related genetic heterogeneity. To explore this possibility in humans, we examined the structural correlates of trait negative affect in a sample of 1050 healthy young adults with no history of psychiatric illness. Analyses revealed that heightened negative affect was associated with increased amygdala volume and reduced thickness in a left mPFC region encompassing the subgenual and rostral anterior cingulate cortex. The most extreme individuals displayed an inverse correlation between amygdala volume and mPFC thickness, suggesting that imbalance between these structures is linked to negative affect in the general population. Subgroups of participants were further evaluated on social (n ϭ 206) and emotional (n ϭ 533) functions. Individuals with decreased mPFC thickness exhibited the poorest social cognition and were least able to correctly identify facial emotion. Given prior links between disrupted amygdala-mPFC circuitry and the presence of major depressive disorder (MDD), we explored whether the individual differences in anatomy observed here in healthy young adults were associated with polygenic risk for MDD (n ϭ 438) using risk scores derived from a large genome-wide association analysis (n ϭ 18,759). Analyses revealed associations between increasing polygenic burden for MDD and reduced cortical thickness in the left mPFC. These collective findings suggest that, within the healthy population, there is significant variability in amygdala-mPFC circuitry that is associated with poor functioning across affective and social domains. Individual differences in this circuitry may arise, in part, from common genetic variability that contributes to risk for MDD.
Introduction
Distinct behavioral phenotypes may directly or indirectly rely upon common brain systems. A well characterized amygdalamedial prefrontal cortex (mPFC) circuit contributes to both emotional (Davis and Whalen, 2001; Devinsky et al., 1995; Milad and Quirk, 2012; Phelps and LeDoux, 2005) and social processes (Adolphs, 2001; Amodio and Frith, 2006; Phelps, 2006; Van Overwalle, 2009 ). Dysregulated affect and impaired social cognition co-occur within disorders marked by abnormalities of the amygdala and mPFC [e.g., major depressive disorder (MDD)] (Curran et al., 1993; Drevets et al., 1997; Hajek et al., 2008; Mayberg, 1997; Price and Drevets, 2010; Savitz and Drevets, 2009b) . A leading hypothesis is that variation in amygdala-mPFC circuitry, present within the general population, sets the stage for illness onset through its influence on both affective and social traits (Mayberg, 1997; Price and Drevets, 2010) .
Consistent with a role in the modulation of affective and visceral functions, the mPFC and amygdala share reciprocal connections (Milad and Quirk, 2012; Phelps and LeDoux, 2005; Price and Drevets, 2010) . In healthy populations, the strength of intrinsic (Kim et al., 2011a) and task-evoked (Cremers et al., 2010; Pezawas et al., 2005) amygdala-mPFC coupling decreases, and white-matter is altered (Kim and Whalen, 2009) in individuals with high levels of anxiety or related behavioral profiles. Coordinated and reciprocal amygdala-mPFC circuits are essential for adaptive affect regulation (Etkin, 2010; Kim et al., 2011b; Phelps and LeDoux, 2005) , and dysfunction within the extended amygdala-mPFC network has been hypothesized to contribute to psychiatric illness including MDD (Mayberg, 1997; Price and Drevets, 2010) .
Suggesting genetic contributions to individual differences in amygdala-mPFC circuitry, MDD is heritable (Sullivan et al., 2000) and thought to be influenced by a large number of common allelic variations of very small effect. Although polygenic vulnerabilities have been identified (Ripke et al., 2012) , their neurobiological influence has yet to be established. Subtle alterations within the amygdala and mPFC have been observed in healthy populations carrying individual genetic variants associated with illness risk (Canli et al., 2005; Hariri et al., 2002; Pezawas et al., 2005; Savitz and Drevets, 2009b) . Collectively, these results suggest that polygenic vulnerability for the onset of MDD could be reflected in the structural integrity of the amygdala and/or mPFC even within the general population, and, further, that such variation may influence multiple affective and social functions dependent upon amygdala-mPFC circuitry.
The goal of the present study was to explore whether individual differences in amygdala-mPFC circuitry relate to negative affect, social functioning, and polygenic MDD risk. Anatomical variability within the amygdala and mPFC was examined in a large cohort of treatment naive and psychiatrically healthy young adults. Because of their respective roles in affective reactivity and regulation, we hypothesized increased amygdala volume and reduced mPFC thickness in those individuals with heightened trait negative affect and impaired social functioning. Given the critical role the amygdala-mPFC circuit is theorized to play in the onset of affective illnesses, we hypothesized that the anatomical regions linked to affective and social traits would associate with polygenic vulnerability for MDD.
Materials and Methods
Participants. Native English-speaking young adults (ages 18 to 35) with normal or corrected-to-normal vision were recruited from Harvard University, Massachusetts General Hospital, and the surrounding Boston communities. To prevent possible spurious effects resulting from population admixture and cultural biases in self-reported affect (Markus and Kitayama, 1991) , analyses were restricted to non-Hispanic Caucasians of European ancestry. History of psychiatric illness and medication usage was assessed during an initial structured phone screen. On the day of MRI data collection, participants were supervised during the completion of an additional questionnaire concerning their physical health, past and present history of psychiatric illness, medication usage, and family history of psychiatric illness. Participants were excluded if their selfreported health information indicated a history of head trauma, current/ past Axis I pathology or neurological disorder, current/past psychotropic medication usage, acute physical illness, and/or loss of consciousness. Genotyping was accomplished using a saliva sample (Oragene, DNA Genotek). Following the collection of their MRI data, participants completed an online self-report battery (see below) and were excluded if their data suggested noncompliance. Participants were considered noncompliant if they failed to answer more than eight questions, admitted to seeking outside assistance during the completion of the battery, or if they did not complete the online assessment. Participants provided written informed consent in accordance with guidelines set by the Partners Health Care Institutional Review Board or the Harvard University Committee on the Use of Human Subjects in Research.
Between October 2008 and February 2011, participants were recruited for the analyses of trait negative affect. Data for these analyses consisted of 1050 participants (age: 21.37 Ϯ 2.95; female: 54.10%; right handed: 92.20%; years of education: 14.70 Ϯ 1.95; estimated IQ 113.21 Ϯ 9.17). In total, 18% of the sample reported a family history of psychiatric illness [depression (10.8%), anxiety disorders (4.6%), attention deficit/hyperactivity disorder (ADHD; 3.7%), schizophrenia or other psychotic disorders (0.7%), bipolar disorder (1.8%), alcohol use disorders (5.4%), substance use disorders (2.7%), personality disorders (0.7%), and psychiatric illnesses where the diagnostic details were unknown (1.2%)].
From September 2009 through July 2011, participants were recruited for the analyses of social functioning and emotion perception. Data for the analyses of self-reported social functioning consisted of 206 participants (age: 20.49 Ϯ 2.55; female: 68.10%; right handed: 90.80%; years of education: 14.09 Ϯ 1.84; estimated IQ 112.72 Ϯ 8.10) of which 178 overlapped with the initial sample. The dataset for the emotional perception analyses consisted of 533 participants (age: 21.11 Ϯ 2.82; female: 54.20%; right handed: 93.10%; years of education: 14.57 Ϯ 1.99; estimated IQ 113.13 Ϯ 8.81) of which 456 overlapped with the initial sample. Self-reported social functioning was collected on 138 of the 533 participants who completed the emotional perception task.
Participants were recruited for analyses of the relations between brain structure and polygenic risk for MDD from November 2008 through March 2010. Data consisted of 470 participants (age: 21.45 Ϯ 3.16; female: 56.85%; right handed: 86.80%; years of education: 14.71 Ϯ 1.88; estimated IQ 113.45 Ϯ 9.13) of which 400 overlapped with the initial sample. Participants included in the polygenic analyses did not significantly differ from the initial sample in their self-reported negative affect, social functioning, or emotion perception task performance (t Ͻ 0.76, p Ͼ 0.49).
MRI data acquisition. All imaging data were collected on matched 3T Tim Trio scanners (Siemens) at Harvard University and Massachusetts General Hospital using the vendor-supplied 12-channel phased-array head coil. Structural data included a high-resolution multi-echo T1-weighted magnetization-prepared gradient-echo image (multi-echo MP-RAGE) using the following parameters: TR ϭ 2200 ms, TI ϭ 1100 ms, TE ϭ 1.54 ms for image 1 to 7.01 ms for image 4, FA ϭ 7°, 1.2 ϫ 1.2 ϫ 1.2 mm, and FOV ϭ 230. Software upgrades (VB13, VB15, VB17) occurred during data collection. Reported results are after partialing out variance associated with site (Harvard Bay 1, MGH Bay 4, MGH Bay 8, etc.) and software upgrade.
Online self-report battery. Following MRI data collection the participants were provided a card with a random de-identified code and a web address to conduct online personality and cognitive measures. The battery was hosted on a secure internal server and presented through the LimeSurvey user interface (http://www.limesurvey.org/). The present analyses incorporated five self-report measures associated with the experience of negative affect (Barrett and Bliss-Moreau, 2009; Watson and Tellegen, 1985; Watson et al., 1999) . These scales included the trait form of the Spielberger State/Trait Anxiety Inventory (STAI), which assesses feelings of apprehension, tension, nervousness, and worry (Spielberger and Gorsuch, 1970) ; the neuroticism scale from the NEO five-factor inventory, which captures a tendency to experience negative emotions, such as anger, anxiety, or depression and has been associated with anxiety, hostility, depression, self-consciousness, impulsiveness, and vulnerability to stress (Costa and McCrae, 1992) ; the behavioral inhibition component of the Behavioral Inhibition/Behavioral Activation Scale (BIS/BAS) that indexes feelings of fear, anxiety, and frustration as well as sadness in response to the experience of these cues (Carver and White, 1994) ; the total mood disturbance score from the Profile of Mood States (POMS), which evaluates feelings of anger, depression, fatigue, and tension (McNair et al., 1971) ; and the harm avoidance scale from the Temperament and Character Inventory (TCI) (Cloninger, 1987) , which assesses temperamental predisposition to anticipatory worry, fear of uncertainty, shyness, and fatigability. In addition to sharing significant conceptual overlap the scales displayed strong cross-measure correlations (Table 1; Cronbach's ␣ ϭ 0.84). The trait negative affect composite score was calculated as the average of the Z-scores for each individual scale.
Social proficiency was assessed through three scales of current and retrospective impairments in social functioning, including measures of social detachment, decreased social motivation, and social avoidance. These included the aloof-introverted subscale from the Interpersonal Adjective Scales (IAS), which indexes the self-descriptive accuracy of adjectives such as dissocial, unsociable, introverted, and distant (Wiggins et al., 1988) ; the aloof personality component of the Broad Autism Phenotype Questionnaire (BAPQ), which measures lack of interest in or enjoyment of social interactions (Hurley et al., 2007) ; and the social/ school factor from the Retrospective Self-Report of Inhibition (RSRI), a recall measure of temperamental restraint across childhood social situations (Reznick et al., 1992) . The social functioning composite score was calculated as the average of the Z-scores for each individual scale (r ϭ 0.50 to 0.75; Cronbach's ␣ ϭ 0.80).
Accuracy of emotion perception was assessed through the online completion of a modified version of the Penn Emotion Recognition Task (Carter et al., 2009) . Participants were presented with a series of faces and asked to identify if the expression was neutral or one of four emotions (happiness, anger, fear, and sadness).
Genetic data. Genotyping was performed at the Broad Institute using the Illumina Infinium OMNI 1 quad chip (1,140,419 SNPs). The following quality control (QC) steps were performed using PLINK v1.07 (Purcell et al., 2007) . Individuals were excluded for missing genotype rates Ͼ5% (n ϭ 12), sex inconsistency based on the X chromosome inbreeding coefficient estimates (n ϭ 1), and excessive identity-by-descent estimates (Pi-hat Ͼ 0.125) indicating genotypic relatedness (n ϭ 11). To account for population substratification, multidimensional scaling (MDS) analyses were conducted with the HapMap phase 3 reference data (Altshuler et al., 2010b) . Visual comparison of the first two MDS factors resulted in the exclusion of four participants as population outliers. SNPs with a minor allele frequency Ͻ0.01, missing rates Ͼ0.05, and suggestive deviation from Hardy-Weinberg Equilibrium ( p Ͻ 10 Ϫ6 ) were removed. SNPs were also removed if allele information was incompatible with reference Hapmap CEU data, strand information was ambiguous, or if there existed nonrandom missingness based on the PLINK haplotype test. After QC, data for 442 participants were retained with 763,104 SNPs. Of these, 438 participants passed the behavioral inclusion criteria (see Participants, above). Total genotyping rate for the final sample was 99.50%. Imputation increases genomic coverage providing additional support for genotyped-allele-based analysis . Non-genotyped SNPs were imputed using Beagle v3.3 (Browning and Browning, 2009 ) with the 1000 Genome Project CEU-TSI data as the reference sample (Altshuler et al., 2010a) . After filtering out SNPs with a low imputation quality score (i.e., R 2 Ͻ0.8), imputed data included the dosage information (i.e., estimated counts of reference alleles ranging from 0.0 to 2.0) of 5,597,521 SNPs.
The genome-wide polygenic analyses, proposed by Purcell et al. (2009) consider the proportion of variation in disease risk explained through the additive effect of thousands of common variants. A subset of SNPs that are nominally associated with a target disease are identified in a discovery genome-wide association study (GWAS) case-control dataset using nominal p value thresholds (for example, association p Ͻ 0.1, p Ͻ 0.2, . . . , p Ͻ 0.5). The selected SNPs are then used to quantify the genetic disease risk of individuals in an independent dataset. Risk scores consist of the sum of the number of reference alleles carried by each individual, weighted by their estimated effect sizes obtained from the discovery GWAS study.
Polygenic depression risk scores were generated using data available through the Psychiatric Genomics Consortium (PGC; N ϭ 9240 MDD cases/ 9519 controls) (Ripke, 2012) . Abnormalities within the structure and function of the mPFC network have been established in a range of psychiatric disorders in addition to MDD [e.g., bipolar disorder (Drevets et al., 1997; Phillips and Vieta, 2007; Price and Drevets, 2010; Savitz and Drevets, 2009a; Strakowski et al., 1999) To examine the specificity of polygenic effects on amygdala/mPFC structure, additional polygenic risk scores were derived from PGC GWASs of bipolar disorder (Sklar et al., 2011) , ADHD , schizophrenia , as well as nonpsychiatric illnesses including coronary artery disease, Crohn's disease, hypertension, rheumatoid arthritis, type I diabetes (Burton et al., 2007) , and type II diabetes . For each discovery GWAS dataset, p value thresholds of 0.1, 0.2, 0.3, 0.4, and 0.5 were used to select a subset of disease-associated SNPs. Table 2 lists the summary statistics for the four psychiatric and six nonpsychiatric GWAS datasets used as discovery samples. Additional analyses examined the stability of the effects of interest across polygenic scores derived from the imputation-based dosage data.
Structural MRI data preprocessing. Data were analyzed using FreeSurfer version 4.5.0 software (http://surfer.nmr.mgh.harvard.edu). FreeSurfer provides automated algorithms for the volumetric segmentation of subcortical structures and estimation of cortical thickness Fischl et al., 2002) . The FreeSurfer pipeline allows users to analyze estimated cortical thickness independent of cortical volume. Cortical thickness and surface area, which sum to reflect total gray matter volume, are genetically and phenotypically distinct measures (Panizzon et al., 2009; Winkler et al., 2010) . Accordingly, thickness estimates were selected as the dependent variable of interest for analyses of cortical anatomy. Cortical thickness was calculated as the closest distance from the gray/white boundary to the gray/CSF boundary at each vertex on the tessellated surface . Following surface-based registration, and before the analysis of cortical thickness, a 22 mm FWHM smoothing kernel was applied to each participant's data. For the purpose of visualization, resulting maps were displayed on the inflated PALS cortical surface using Caret software (Van Essen, 2005) . Estimated intracranial volume (ICV) was calculated using the approach of Buckner et al. (2004) as implemented in FreeSurfer 4.5.0.
Structural phenotype reliability. The accuracy of FreeSurfer-derived structural estimates have been validated against histological analysis and manual measurements (Kuperberg et al., 2003) . ICV has also been validated against manual measurement (Buckner et al., 2004) . For the present study we took the additional step of directly assessing the reliability of the volume or thickness of each phenotype of interest (ICV, amygdala, hippocampus, mPFC). To accomplish this, a supplementary dataset (n ϭ 91) was acquired over the course of the primary collection effort. Data were collected from these participants on two independent days (mean ϭ 90 d apart; min ϭ 2; max ϭ 624). Each independent session was processed through the automated FreeSurfer pipeline separately. These data contain 46 participants whose initial runs are also included in the primary analyses. Pearson correlations were used to compare the two visits. Analyses revealed high test-retest reliability of each of our phenotypes of interest (r ϭ 0.76 to 0.99; Fig. 1 ). Observed regional variation in reliability likely reflects scan-rescan shifts in head positioning and/or motion, which may disproportionately impact small structures (e.g., amygdala relative to ICV) and estimates of cortical thickness ( tical anatomical variability targeted this structure ( Fig. 2 A) . Block linear regressions were conducted separately for both the left and right amygdala. These analyses partialed out the variance associated with site, console software version, estimated IQ, age, sex, and ICV and then examined the relation between amygdala volume and negative affect. Follow-up analyses were conducted on the remaining subcortical structures to examine the specificity of these effects.
Given the a priori hypothesis regarding opposing effects in the amygdala and the mPFC, surface-based analyses were conducted on the FreeSurfer parcelation of the region labeled by Desikan et al. (2006) as the rostral anterior cingulate (rACC; Fig. 2 B) . This region was defined by Desikan et al. to include the rostral extent of the cingulate sulcus with the caudal boundary being the genu of the corpus callosum, encompassing portions of rACC and perigenual ACC. As above, block linear regressions were conducted by first partialing out the variance associated with site, console software version, estimated IQ, age, and sex and then by examining the relation between thickness estimates and the negative affect composite score. Follow-up surface-based analyses were then conducted to assess the specificity of the observed effects (to facilitate comprehensive display, surface effects are plotted with the threshold p Ͻ 0.005 uncorrected for multiple comparisons).
Analyses of social functioning, emotional perception, and polygenic vulnerability focused on the regions emerging from the analyses of cortical thickness and negative affect (Fig. 3D) . Block linear regressions first partialed out the variance associated with site, console software version, estimated IQ, age, and sex and then examined the relation between thickness estimates and the variable of interest. Median response time was partialed out during analyses of errors in emotional perception. When considering polygenic risk scores analyses, we took the additional step of partialing out the variance associated with potential population substratification (the first four MDS factors, C1-C4), and number of nonmissing SNPs.
Results

Increased amygdala volume is associated with negative affect
Given its hypothesized role in anxiety and affective illnesses, we began our analyses focusing on the relation between the amygdala and trait-negative affect. After partialing out the variance associated with site, console software version, estimated IQ, age, sex, and ICV, left amygdala volume accounted for a significant percentage of the variance in negative affect (F (1,1042) ϭ 19.67; p Ͻ 0.001; r ϭ 0.14; Figs. 2 A, 3A) . This effect was echoed in the right amygdala (F (1,1042) ϭ 7.69; p Ͻ 0.01; r ϭ 0.09) and the relation between amygdala volume and the composite score of negative affect did not significantly differ by hemisphere (Z ϭ 1.17, p ϭ 0.24). Follow-up analyses examined the specificity of this effect across each subcortical structure. Heightened negative affect was associated with increased left (F (1,1042) ϭ 12.56; p Ͻ 0.001; r ϭ 0.11) and right hippocampal volumes (F (1,1042) ϭ 6.60; p Ͻ 0.01; r ϭ 0.08). The remaining subcortical structures (caudate, globus pallidus, nucleus accumbens, putamen, thalamus) were not significantly associated with negative affect (F Ͻ 3.25; p Ͼ 0.07; r Ͻ 0.06; Fig. 3A) . Consistent with these analyses, correlations between amygdala and hippocampus volumes (r Ͼ 0.42) were significantly stronger than their respective relations with other sub-cortical regions (r Ͻ 0.29; Z Ͻ 3.41; p Ͻ 0.001).
Decreased medial prefrontal thickness is associated with negative affect
We next explored cortical effects. In line with the hypothesized role of the mPFC in the downregulation of amygdala activity, reduced left mPFC thickness was associated with increased negative affect (F (1,1043) ϭ 8.28; p Ͻ 0.005; r ϭ Ϫ0.09; Fig. 2B ). No effects emerged on the right (F (1,1043) ϭ 0.16; p ϭ 0.69; r Ͻ Ϫ0.01). When considering age (F (1,1048) ϭ 10.02; p Ͻ 0.005; r ϭ Ϫ0.10), sex (F (1,1047) ϭ 18.37; p Ͻ 0.001; r ϭ 0.13), estimated IQ (F (1,1046) ϭ 1.08; p ϭ 0.30; r ϭ 0.03), console software version (F (1,1045) Ͻ 0.01; p ϭ 0.99; r Ͻ Ϫ0.01), and collection site (F (1,1044) ϭ 4.89; p Ͻ 0.05; r ϭ Ϫ0.07), left amygdala volume (after partialing out ICV) and mPFC thickness accounted for 3% of the remaining variance in self-reported negative affect (F (1,1042) ϭ 13.67; p Ͻ 0.001; r ϭ 0.16).
Given the opposing relation of each region with the negative affect composite score, the structural estimates for the amygdala and mPFC were entered sequentially in two regression analyses. After partialing out the variance associated with mPFC thickness, the association between negative affect and the amygdala remained (F (1,1042) ϭ 18.92; p Ͻ 0.001; r ϭ 0.13), as did the inverse relation between negative affect and mPFC thickness after partialing out variance associated with amygdala volume (F (1,1042) ϭ 7.52; p Ͻ 0.01; r ϭ Ϫ0.09). As the effect in the mPFC was established within an a priori defined region, follow-up whole surface analyses established that the effect was anatomically preferential, largely confined at our significance threshold to the rACC extending into the subgenual ACC (sgACC) (Fig. 3D ).
Cross-scale consistency
To establish that the effects of any one scale did not drive the observed relation between anatomical variability and trait negative affect, we duplicated the volumetric and cortical thickness regression analyses for each of five included self-report measures of affect, anxiety, and personality. When considering left amygdala volume, increased scores on each scale were associated with increased volume (STAI trait: F (1,1042) ϭ 13.31; p Ͻ 0.001; r ϭ 0.12; NEO neuroticism: F (1,1042) ϭ 13.98; p Ͻ 0.001; r ϭ 0.12; BIS: F (1,1042) ϭ 9.71; p Ͻ 0.005; r ϭ 0.09; POMS total mood disturbance: F (1,1042) ϭ 10.61; p Ͻ 0.001; r ϭ 0.11; TCI harm avoidance: F (1,1042) ϭ 21.51; p Ͻ 0.001; r ϭ 0.14). Increasing right amygdala volume was associated with increased scores on four of the scales (NEO neuroticism: F (1,1042) ϭ 5.13; p Ͻ 0.05; r ϭ 0.07; BIS: F (1,1042) ϭ 3.86; p Ͻ 0.05; r ϭ 0.06; POMS total mood disturbance: F (1,1042) ϭ 4.64; p Ͻ 0.05; r ϭ 0.07; TCI harm avoidance: F (1,1042) ϭ 11.46; p Ͻ 0.001; r ϭ 0.10). STAI trait anxiety displayed a trend in the same direction (F (1,1042) ϭ 3.23; p ϭ 0.07; r ϭ 0.06) and this relation did not significantly differ from the other associations (Z Ͻ 0.92; p Ͼ 0.36).
The opposing effects in the mPFC were also evident in four of the scales (STAI trait: F (1,1043) ϭ 6.81; p Ͻ 0.01; r ϭ Ϫ0.08; NEO neuroticism: F (1,1043) ϭ 4.90; p Ͻ 0.05; r ϭ Ϫ0.07; POMS total mood disturbance: F (1,1043) ϭ 7.86; p Ͻ 0.005; r ϭ Ϫ0.09; TCI harm avoidance: F (1,1043) ϭ 6.80; p Ͻ 0.01; r ϭ Ϫ0.08). Although the behavioral inhibition scale did not display a significant relation with mPFC thickness, the observed effect was in the same direction (F (1,1043) ϭ 2.98; p ϭ 0.08; r ϭ Ϫ0.05) and did not significantly differ from the other relations (Z Ͻ 0.92; p Ͼ 0.36).
Individual differences are present in both men and women As anxiety and depressive disorders are more common among women (NolenHoeksema and Girgus, 1994), we examined whether there is a sex difference in the amygdala-mPFC association with negative affect. Women displayed increased negative affect (0.10 Ϯ 0.86 vs Ϫ0.12 Ϯ 0.80; t (1048) ϭ 4.29; p Ͻ 0.001) and left mPFC thickness (3.15 Ϯ 0.27 vs 3.07 Ϯ 0.24; t (1048) ϭ 5.23; p Ͻ 0.001) relative to men. No differences emerged when considering amygdala volumes (after partialing out ICV; t Ͻ 1.28; p Ͼ 0.20).
Critically, left amygdala volume was similarly associated with the negative affect composite score for both women (F (1,561) ϭ 10.55; p Ͻ 0.001; r ϭ 0.14) and men (F (1,475) ϭ 7.64; p Ͻ 0.01; r ϭ 0.13). Among women, the left hippocampus (F (1,561) ϭ 6.56; p Ͻ 0.01; r ϭ 0.11) demonstrated a significant relation with negative affect, while a trend emerged in the right amygdala (F (1,561) ϭ 2.80; p ϭ 0.09; r ϭ 0.07). No other subcortical structures approached significance (F Ͻ 2.45; p Ͼ 0.12; r Ͻ 0.07; Fig. 3B ). Among men, negative affect was associated with right amygdala (F (1,475) ϭ 4.11; p Ͻ 0.05; r ϭ 0.09) and hippocampal volumes (left: F (1,475) ϭ 5.17; p Ͻ 0.05; r ϭ 0.10; right: F (1,475) ϭ 4.44; p Ͻ 0.05; r ϭ 0.10). No other subcortical structures approached significance (F Ͻ 1.02; p Ͼ 0.31; r Ͻ 0.05; Fig. 3C ). The inverse relation between left mPFC thickness and negative affect was observed and of similar magnitude for both sexes (women, F (1,562) ϭ 5.60; p Ͻ 0.05; r ϭ Ϫ0.10; men, F (1,476) ϭ 4.50; p Ͻ 0.05; r ϭ Ϫ0.10; Fig. 3E,F ) .
Extreme negative affect reveals an inverse relation between the structure of the amygdala and medial prefrontal cortex Impairments in emotional experience are hypothesized to result from a breakdown in the dynamic interactions between opposing subcortical and cortical structures (Mayberg, 1997; Price and Drevets, 2010) . To search for indirect evidence suggesting weakened and/or imbalanced coupling, the full sample was rank ordered by their negative affect scores. A rolling correlation was then calculated between amygdala volume and mPFC thickness across the full range of negative affect. The rolling average revealed opposing relations between negative affect and the structure of the left amygdala and cortex (Fig. 4 A) . While there was an absence of a cross-structure relation over much of the sample, a robust negative correlation between amygdala volume and mPFC thickness emerged in individuals reporting the most severe negative affect (Fig. 4 B,C) . To further examine how the correlation between amygdala volumes and mPFC thickness contributes to negative affect, the sample was split into groups with low (n ϭ 175), medium (n ϭ 705), and high (n ϭ 170) negative affect. High and low groups were defined as one standard deviation above, and below, the mean negative affect score (0.00 Ϯ 0.82) after partialing out the variance associated with age and sex. The resulting groups did not differ demographically (Table 3) .
When considered in isolation, there was no detectable relation between amygdala volume and mPFC thickness for either the low (F (1,168) ϭ 1.04; p ϭ 0.31; r ϭ 0.08; Fig. 5A ) or medium groups (F (1,698) Ͻ 0.01; p ϭ 0.97; r Ͻ Ϫ0.01; Fig. 5B ). However, an inverse correlation between left amygdala volume and mPFC thickness was evident among individuals reporting the most extreme negative affect (F (1,163) ϭ 13.55; p Ͻ 0.001; r ϭ Ϫ0.28; Fig.  5C ). The anticorrelation in the extreme negative affect participants was significantly different from the relations observed in both the low (Z ϭ 3.34, p Ͻ 0.001) and medium (Z ϭ 3.29, p Ͻ 0.001) groups. Of further note, participants in the high negative affect group were more likely to report a family history of psychiatric illnesses relative to the low and medium groups (Table 3) . However, given the reliance on self-report, these data should be interpreted cautiously.
There is some indication that the participants reporting the highest negative affect did not solely drive the relations between negative affect, amygdala volume, and mPFC thickness. After excluding these extreme subjects from the full sample, the association between negative affect and left amygdala volume remained (F (1,872) ϭ 9.175; p Ͻ 0.005; r ϭ 0.10), as did the inverse relation with mPFC thickness (F (1,873) ϭ 5.84; p Ͻ 0.05; r ϭ Ϫ0.08). Additional analyses were run excluding participants with a family history of psychiatric illness (n ϭ 189). The associations between negative affect with both left amygdala volume (F (1,853) ϭ 11.27; p Ͻ 0.001; r ϭ 0.11) and mPFC thickness (F (1,854) ϭ 3.88; p Ͻ 0.05; r ϭ Ϫ0.07) remained. Thus, the results show the largest effects were present in those individuals with extreme negative affect, but also that a relation in the remaining sample should not be ruled out.
Decreased medial prefrontal thickness is associated with impaired social function
Overlap exists within the neural systems believed to underlie negative affect and social functioning (Adolphs, 2001; Olsson and Ochsner, 2008) . In line with the hypothesized role of the mPFC in social behaviors, reduced left mPFC thickness was associated with a composite score of social withdrawal and reduced social functioning within the region delineated in the negative affect analyses (F (1,200) ϭ 12.07; p Ͻ 0.001; r ϭ Ϫ0.24; Fig. 6 A) . This effect was seen in each of the three selfreport measures included in the social functioning composite score (IAS aloof introverted: F (1,200) ϭ 11.93; p Ͻ 0.001; r ϭ Ϫ0.24; BAPQ aloof personality: F (1,200) ϭ 10.86; p Ͻ 0.001; r ϭ Ϫ0.23; RSRI social/school: F (1,200) ϭ 4.31; p Ͻ 0.05; r ϭ Ϫ0.14; Fig. 6 B) . While the RSRI retrospectively assesses withdrawal and cautious responding across social situations (Reznick et al., 1992) , it is also a measure of childhood behavioral inhibition that shares conceptual overlap with aspects of the negative affect composite score. In line with the broad influence of amygdala-mPFC circuitry across affective and social processes, the relation with mPFC thickness remained when the RSRI was eliminated from the social functioning composite score (F (1,200) ϭ 13.22; p Ͻ 0.001; r ϭ Ϫ0.25). While male participants reported lower social functioning than females (Ϫ0.12 Ϯ 0.86 vs 0.26 Ϯ 0.78; t (204) ϭ 3.10, p Ͻ 0.005), no sex differences emerged when considering the strength of the relation between social functioning and mPFC thickness (Z ϭ 0.49, p ϭ 0.62). The relation between mPFC thickness and social function was present when considering the broader FreeSurfer parcelation of the rACC (F (1,200) ϭ 6.78; p Ͻ 0.01; r ϭ Ϫ0.18). There was no significant association between social functioning and the volume of either the left or right amygdala (F Ͻ 2.10; p Ͼ 0.15; r Ͻ 0.08).
Consistent with their shared anatomical associations, increased negative affect was correlated with increased social withdrawal and reduced social functioning (F (1, 197) ϭ 49.08; p Ͻ 0.001; r ϭ 0.47). After accounting for social functioning, the relation between negative affect and amygdala volume remained for the left (F (1,170) ϭ 4.90; p Ͻ 0.05; r ϭ 0.13), but not the right (F (1,170) ϭ 1.18; p ϭ 0.28; r ϭ 0.06), amygdala. After partialing out the variance associated with negative affect, the association between social functioning and mPFC thickness remained (F (1,171) ϭ 5.02; p Ͻ 0.05; r ϭ Ϫ0.16). However, the relation between negative affect and mPFC thickness became nonsignificant after partialing out variance associated with social functioning (F (1,171) ϭ 1.63; p ϭ 0.20; r ϭ Ϫ0.10).
Decreased medial prefrontal thickness is associated with errors in emotion perception
We further examined the relations between social functioning, amygdala volumes, and mPFC thickness with analyses of individual differences in the detection and discrimination of the emotional states of others, a core aspect of social cognition. A benefit of this approach is the use of a performance measure of social ability, rather than relying on self-report. Analyses of amygdala volumes revealed no significant relations with errors in emotion perception (F Ͻ 0.78; p Ͼ 0.38; r Ͻ 0.03). Consistent with our prior analyses, reduced mPFC thickness (using the region defined from analyses of negative affect) was associated with increased errors in emotion perception (error rate 0.19 Ϯ 0.06; F (1,521) ϭ 7.33; p Ͻ 0.01; r ϭ Ϫ0.12; Fig. 7 ). Follow-up analyses revealed that this effect was specific to the neutral (error rate 0.14 Ϯ 0.13; F (1,521) ϭ 15.68; p Ͻ 0.001; r ϭ Ϫ0.17) and fear (error rate 0.19 Ϯ 0.11; F (1,521) ϭ 5.49; p Ͻ 0.05; r ϭ Ϫ0.10) conditions with no other effects reaching significance (anger, error rate 0.39 Ϯ 0.14; happy, error rate 0.03 Ϯ 0.06; and sad, error rate 0.21 Ϯ 0.14; p Ͼ 0.41, r Ͻ 0.04). Although male participants displayed a greater percentage of errors in emotion perception than females (0.19 Ϯ 0.01 vs 0.18 Ϯ 0.01; t (531) ϭ 2.32, p Ͻ 0.05), there were no sex differences in the relations between task performance and mPFC thickness (Z ϭ 1.30, p ϭ 0.19). The association between errors in emotion perception and mPFC thickness held when considering the FreeSurfer defined parcelation of the rACC (F (1,521) ϭ 6.63; p Ͻ 0.01; r ϭ Ϫ0.12).
There was no relation between errors in emotion perception and negative affect (r ϭ Ϫ0.05, p ϭ 0.25). After partialing out the variance associated with negative affect, the association between errors in emotion perception and mPFC thickness remained (F (1,521) ϭ 7.33; p Ͻ 0.01; r ϭ Ϫ0.11). Within the participants providing data for both the emotion perception and social functioning analyses (n ϭ 138), decreased accuracy in emotional perception was associated with reduced social functioning (r ϭ 0.23, p Ͻ 0.01). When partialing out social functioning, the relation between emotion perception and mPFC thickness no longer reached significance (F (1,130) ϭ 0.93; p ϭ 0.34; r ϭ Ϫ0.08). When accounting for errors in emotion perception, the association between mPFC thickness and reduced social functioning remained significant (F (1,130) ϭ 8.65; p Ͻ 0.005; r ϭ Ϫ0.24). Decreased medial prefrontal thickness is associated with polygenic vulnerability for major depressive disorder Consistent with evidence of dysfunction within the left mPFC in patient populations (Curran et al., 1993; Drevets et al., 1997; Hajek et al., 2008; Mayberg, 1997; Price and Drevets, 2010; Savitz and Drevets, 2009b) , heightened polygenetic MDD risk (P T Ͻ 0.5) was associated with reduced mPFC thickness (F (1,430) ϭ 8.34; p Ͻ 0.005; r ϭ Ϫ0.14; Fig. 8 A) . This effect was present across five polygenic scores for depression derived at thresholds of varying association stringency from prior case control GWAS analyses (Table 4) . The association between polygenic MDD risk (P T Ͻ 0.5) and mPFC thickness was reduced to a trend when considering the FreeSurfer defined parcelation of the rACC (F (1,430) ϭ 3.73; p ϭ 0.05; r ϭ Ϫ0.09). Follow-up analyses confirmed the relation between cortical thickness, and polygenic burden was preferentially localized in the mPFC (Fig. 8 B) . No relation was observed between the polygene MDD factors (P T Ͻ 0.1 to 0.5) and negative affect (F Ͻ 0.42; p Ͼ 0.52; r Ͻ 0.03) or amygdala volumes (F Ͻ 0.85; p Ͼ 0.36; r Ͻ 0.04). The association between increasing polygenic burden (P T Ͻ 0.5) and decreasing mPFC thickness held after partialing out the variance associated with trait negative affect (F (1,392) ϭ 7.30; p Ͻ 0.01; r ϭ Ϫ0.13). Although brain structure is heritable, individual differences in mPFC thickness do not exclusively arise through familial factors (h 2 ϭ 0.21-0.48) (Winkler et al., 2010) . The current analyses suggest that the measured polygenic MDD scores account for ϳ2% of the total variance in mPFC thickness. When considering heritability estimates, this reflects that at least ϳ4 -9% of the phenotypic variance in mPFC thickness can be accounted for by the aggregated effect of common genetic factors, although the estimated effect may be much higher (Purcell et al., 2009) .
The specificity of the observed relations between polygenic MDD risk and mPFC thickness was established through a series of analyses examining genetic risk scores for ADHD, bipolar disorder, and schizophrenia (F Ͻ 0.92; p Ͼ 0.33; r Ͻ 0.05) as well as six nonpsychiatric illnesses including coronary artery disease, Crohn's disease, hypertension, rheumatoid arthritis; type I diabetes, and type II diabetes (F Ͻ 0.29; p Ͼ 0.59; r Ͻ 0.03; Fig. 8 A) . With the exception of ADHD (Z Ͻ 1.59; p Ͼ 0.11), the association between polygenic MDD risk and mPFC thickness was significantly greater than the relations observed for the other psychiatric polygene scores (P T Ͻ 0.1 to 0.5; Z Ͼ 2.04; p Ͻ 0.05). Providing support for the initial genotype-data-based analyses, imputed dosage-data-based polygenic MDD risk (P T Ͻ 0.5) was associated with reduced mPFC thickness (F (1,432) ϭ 6.53; p Ͻ 0.05; r ϭ Ϫ0.12). This effect was present across each imputed risk score (P T Ͻ 0.1, 0.2, 0.3, 0.4; F Ͼ 7.67; p Ͻ 0.01; r Ͼ 0.13; Table 4 ). No relation was observed between mPFC thickness and the other imputed psychiatric (F Ͻ 1.46; p Ͼ 0.23; r Ͻ 0.06) or non-psychiatric genetic risk scores (F Ͻ 1.23; p Ͼ 0.26; r Ͻ 0.06).
Discussion
Amygdala-mPFC circuit dysfunction is hypothesized to result in negative affect, impaired social functioning, and vulnerability for the subsequent onset of MDD (Mayberg, 1997; Price and Drevets, 2010) . Here, we found that negative affect associates with increased amygdala volume and reduced mPFC thickness in a cohort of clinically healthy young adults. An inverse association was found between amygdala volume and mPFC thickness among those individuals with the most extreme negative affect, representing the upper 15% of the sample. These findings are consistent with the possibility that amygdala-mPFC imbalance is linked to negative affect within the general population. A second finding of our study is that a cortical correlate of negative affect (decreased left mPFC thickness) is associated with poor social functioning and emotion identification. Thus, dysregulation of the amygdala-mPFC circuit may also be linked to impairments of social cognition. Finally, the present analyses reveal that an aggregate measure of genetic risk for MDD is associated with reduced left mPFC thickness. Suggesting the specificity of this association, no effect emerged when considering polygenic factors for bipolar disorder, schizophrenia, ADHD, or six nonpsychiatric illnesses. These results provide initial evidence that common polygenic burden is associated with anatomical variability in brain regions believed to influence vulnerability to MDD.
Amygdala-medial prefrontal imbalance
Our analyses identified opposing effects of the amygdala and mPFC on negative affect, specifically within the rACC extending into the sgACC. The sgACC participates in the dampening of fear responses as well as the experience and regulation of negative affect (Etkin, 2010; Kim et al., 2011b; Phelps and LeDoux, 2005) . Amygdala-mPFC connections are concentrated within the basolateral nucleus (Price and Drevets, 2010) . In rodents, mPFC inputs to the basolateral nucleus (al Maskati and Zbrozyna, 1989) and intercalated cells gate basolateral-central amygdala impulse transmission (Milad and Quirk, 2012) . The central nucleus plays a role in the modulation of autonomic and endocrine responses for a host of visceral functions (LeDoux, 2000 (LeDoux, , 2012 . The present findings raise the possibility that imbalance within the basolateral amygdala-mPFC network may underlie dysregulated cortical control over central nucleus output and an associated increase in visceral responsivity (Price and Drevets, 2010) . What is notable about our results is that dysregulation appears to affect multiple functional domains.
The relation between psychological health and social functioning is well established (Coyne and Downey, 1991; Repetti et al., 2002; Vaughn and Leff, 1976) . While these constructs are often discussed within separate literatures, they may directly or indirectly rely on overlapping neural systems (Adolphs, 2001; Olsson and Ochsner, 2008) . Rodent and nonhuman primate research implicates the mPFC in social as well as affective, habitual, and evaluative processes (Devinsky et al., 1995; Graybiel, 2008; Price and Drevets, 2010; Rushworth et al., 2007) . Reciprocal amygdala-mPFC projections suggest that adaptive social functioning may arise, in part, through visceral and affective responses to salient stimuli. Our findings indicate that shifts in social functioning and personality traits are reflected in the normal anatomical variability of a shared mPFC network. The inclusion of a behavioral index of emotion perception fur- Figure 6 . Poor social functioning is associated with reduced medial prefrontal thickness. A, The correlation strength between thickness estimates at each vertex on the left medial surface and a composite score of social functioning. B, Correlation strengths for each independent measure within the composite score. These include the aloof-introverted subscale from the Interpersonal Adjective Scales (Wiggins et al., 1988) , the aloof personality component of the Broad Autism Phenotype Questionnaire (Hurley et al., 2007) , and the social/school factor from the Retrospective Self-Report of Inhibition ( p Ͻ 0.01) (Reznick et al., 1992) . Reported r values reflect Pearson correlations after partialing out variance associated with collection site, scanner software, estimated IQ, age, and sex. Color bar reflects Pearson correlations.
ther supports the role of the mPFC in social function. Relations between mPFC anatomy and emotion perception were largely driven by a tendency to mistakenly ascribe emotions to neutral stimuli, rather than impaired recognition of emotional faces. Disrupted mPFC network integrity could result in the perception of emotions in nonemotional stimuli, contributing to the fear and avoidance of social situations.
While our analyses targeted the amygdala-mPFC network, a failure to modulate hippocampal hyperactivity is also hypothesized to result in affective dysregulation (Mayberg, 1997; Price and Drevets, 2010) . The current data indicate that negative affect is broadly associated with the increasing volume of temporal lobe structures. Consistent with a strong cross-structure correlation within the present sample, in healthy populations, amygdala and hippocampal volumes track each other over the lifespan (Grieve et al., 2005; Mu et al., 1999; Walhovd et al., 2005 ). Yet prior research has suggested the presence of reduced hippocampal formation gray matter in healthy young adults with heightened neuroticism (DeYoung et al., 2010) and patients with MDD (Bremner et al., 2000) , although results have been inconsistent (Price and Drevets, 2010) . Similar inconsistencies have been observed when considering amygdala volumes, which are likely increased early in the course of illness, with only chronically ill patients exhibiting decreased volumes (Hamilton et al., 2008) . In rodents, repeated stress results in dendritic atrophy and reduced glial cell counts in hippocampal regions (McEwen and Magarinos, 2001 ) as well as increased dendritic branching in the basolateral amygdala (Vyas et al., 2002) . The current findings indicate that, in the absence of illness, amygdala and hippocampal volumes are largest in individuals with heightened negative affect. However, it is likely that shared relations between these structures may not be evident in chronic illness due to pathophysiological processes including elevated glucocorticoid secretion and glutamatergic transmission (Price and Drevets, 2010) .
Similar effects in both women and men
There are sex differences in the prevalence of disorders of affect and social functioning (Nolen-Hoeksema and Girgus, 1994) . In healthy populations, women and men exhibit differential hemodynamic responses to affective and social stimuli (Cahill, 2006; Koch et al., 2007; McRae et al., 2008; Thomas et al., 2001; But see, Wager et al., 2003) . This includes sex-related hemispheric lateralization of amygdala responses for the memory of emotional material and the presentation of emotional faces (Cahill, 2006) as well as greater reductions in left amygdala response during emotion regulation in men, relative to women (McRae et al., 2008) . Sex-specific responses to affective stimuli are also evident in patients with MDD where women exhibit increased left amygdalamPFC connectivity to fearful faces (Almeida et al., 2011) .
The present analyses revealed an amygdala-mPFC contribution to affective and social functioning in both sexes. Although these data suggest functionally meaningful differences in amygdala-mPFC anatomy, we are unable to make strong claims regarding the relation of structure to specific taskevoked function. While reduced mPFC thickness is independently present in men and women with increased anxiety, women as a group displayed thicker mPFC and yet heightened anxiety. It is unclear if this difference reflects adaptation to unique challenges or sex-specific differences in intrinsic architecture. Men and women react differently to environmental stressors (Hankin and Abramson, 2001 ) and morphometric estimates are likely insensitive to the associated subtle state dependent shifts in brain function. However, although transient amygdala-mPFC responses can be sex-(or even individual) specific, our findings suggest that the circuit's core role in affective and social processes generalizes across both sexes.
Polygenic depression risk predicts decreased medial prefrontal thickness
Depression is associated with decreased left mPFC gray matter (Hajek et al., 2008; Price and Drevets, 2010) . While these reductions intensify over time in patients with psychotic mood disorders (Koo et al., 2008) and non-remitters (Frodl et al., 2008) , they are immediately evident following initial diagnosis (Botteron et al., 2002) and in children with a family history of MDD (Boes et al., 2008) . Suggesting an innate biological vulnerability, altered mPFC anatomy is pronounced in subgroups of patients with familial depression (Ongür et al., 1998) and individuals carrying specific genetic variants associated with increased illness risk (Canli et al., 2005; Pezawas et al., 2005; Savitz and Drevets, 2009b) . The present findings highlight a relation between common polygenic burden and mPFC thickness in psychiatrically healthy young adults.
Decreased social support (Coyne and Downey, 1991; Repetti et al., 2002; Vaughn and Leff, 1976) and neuroticism (Clark et al., 1994) , a facet of negative affect, predict the onset of depressive episodes. The current analyses provide evidence of a relation between an aggregate measure of genetic risk and anatomical variation in the mPFC network supporting affective and social functions. No association was observed between polygenic burden and negative affect. However, MDD is not purely genetic in origin, and stressful life events contribute to the occurrence of depressive episodes (Kendler et al., 1999) . In rodents, chronic stress results in symptoms characteristic of MDD including anhedonia, changes in weight, sleep disturbances, decreased locomotion (Willner, 1997), as well as dendritic retraction and synapse loss in the mPFC (Cook and Wellman, 2004) . Genetic vulnerability and life stress converge to impact the integrity of the amygdala-mPFC network. This raises the possibility that genetically mediated reductions in mPFC network integrity may con- tribute to an exaggerated stress response, the exacerbation of stress-induced dendritic remodeling, and heightened negative affect. Given the cross-sectional nature of the current data, longitudinal research disentangling the temporal order and convergent nature of these effects is warranted.
Abnormalities within the structure and function of the mPFC have been established in a range of psychiatric disorders. This is perhaps most evident in affective illnesses where disrupted mPFC function is theorized to underlie the occurrence of depressive and manic episodes (Mayberg, 1997; Phillips et al., 2003; Phillips and Vieta, 2007; Price and Drevets, 2010) . In their landmark study, Drevets et al. (1997) established mPFC gray matter loss in unipolar and bipolar depression. Subsequent meta-analyses have replicated these mPFC volumetric reductions, predominantly in patients with familial MDD (Hajek et al., 2008) . The current analyses indicate that polygenic MDD risk predicts the cortical thickness of regions within the mPFC associated with negative affect and impaired social functioning. These findings support the hypothesis that amygdala-mPFC circuit dysfunction may set the stage for MDD onset in vulnerable populations and suggest the presence of diagnostic specificity within the neuroanatomical correlates of polygenic risk.
Caveats
Several potential caveats warrant mention. First, current polygenic factors only account for ϳ1-2% of the phenotypic variance in case-control analyses. It is possible that as these scores are further refined through the use of larger samples and denser SNP arrays, a shared genetic influence on mPFC thickness, amygdala volumes, and/or trait negative affect may emerge. Second, the current findings indicate relations between individual differences in affect, social functioning, polygenic MDD risk, and structural variation within the amygdala-mPFC network. However, we are unable to establish whether the observed relations solely reflect the neuroanatomical instantiation of genetic vulnerability, or arise in conjunction with factors such as increased environmental sensitivity and/or early life stress. Third, with the available anatomical data we are unable to examine individual amygdala subnuclei. Rodent and nonhuman primate tracing literature suggests impaired affect and reduced social functioning likely result from imbalances between the mPFC and basolateral amygdala. Subsequent work in humans, potentially leveraging diffusion-based tractographic segmentation (Saygin et al., 2011) , will be necessary to explore these relations with more anatomical precision. Fourth, the participants in the present study were healthy young adults. Additional research will be necessary to establish the generalizability of the current anatomical findings.
Another limitation is the size of the effects observed. Through the use of relatively crude morphometric measures, the present findings suggest how specific neural systems differ in ways that are associated with negative affect, social functioning, and genetic risk. However, the observed associations are likely too small to be useful as predictors for individuals. For instance, the relation between negative affect and mPFC thickness accounts for ϳ1% of the observed variance while the largest association accounts for ϳ8% (amygdala volume and mPFC thickness in the high negative affect group). Our data establish the principles that individual differences in affect, social cognition, and polygenic risk are neurally embedded within clinically healthy individuals, that Reported r values are after partialing out variance associated with collection site, scanner software, estimated IQ, multidimensional scaling components of genetic ancestry, number of nonmissing SNPs, age, and sex. Equivalent variance is explained across the MDD polygenic scores (Z Ͻ 0.12, p Ͼ 0.91). No other psychiatric or nonpsychiatric polygenic scores approached significance ( p Ͼ 0.59). B, Surface-based rendering reflects the strength of the correlation between each vertex and polygenic risk for MDD (P T Ͻ 0.5) after partialing out the variance associated with the collection site, scanner software, estimated IQ, potential for population substratification, number of nonmissing SNPs, age, and sex. Display threshold is set at p Ͻ 0.01 uncorrected for multiple comparisons. Color bar reflects Pearson correlations. The number of risk profile SNPs that satisfy each p value threshold based on the discovery GWAS data is shown. The study datasets consist of allele information for 763,104 genotyped SNPs and dosage data for 5,597,521 imputed SNPs; R 2 , total variance in mPFC thickness accounted for by each polygenic factor after partialing out variance associated with collection site, scanner software, estimated IQ, multidimensional scaling components of genetic ancestry, number of nonmissing SNPs, age, and sex.
these differences are preferential to specific brain systems, and that the effects go in opposite directions for the amygdala and anatomically-linked cortical networks.
These results indicate that compromised amygdala-mPFC circuitry, which is present in a considerable percentage of healthy young adults, may simultaneously relate to emotional impairments, reduced social functioning, and polygenic vulnerability for the onset of MDD.
